Fig. S1
EDX spectrum of hematite nanorods with dual dopants of Nb and Sn.
Fig. S2
The concentration of Nb is 5.5 wt% by ICP-OES, which is consistent with the result of TEM-EDX (0.9 at%~5.2 wt%).
Fig. S3
Electrochemical activation process: a thrice cathodic scanning (a) and a following thrice anodic scanning (b). The corresponding J-V curves (c) and dark current density (d). The trend of activating treatment is that both first reduction (1 st anodic scanning) and oxidation (4 th cathodic scanning) scannings are much effective to improve photocurrent relative to the following scannings. This is reasonable because the first anodic/cathodic scanning in a certain (optimum) potential range will induce almost all the reactions that easily occurr, and the following 2 nd and 3 rd ones will realize a little more difficult reactions. More scannings in a certain (optimum) potential range cannot improve the photocurrent further. During the process of cathodic and anodic scanning, the dark currents of the water reduction and oxidation reactions are suppressed, indicating that some active sites on the surface of hematite photoanode were removed. On this basis, we rule out the enhancement of photocurrent densities of the activated films being a result of a higher concentration of active sites. Notably, there is an obvious shoulder between the first anodic scanning (the 4th scanning) and the second anodic scanning (the 5th scanning), which suggests that some oxidation occurred in the photoelectrode after cathodic reduction.
Fig. S4
Absorption spectra from the desorbed methylene blue dye molecules using geometric area of hematite nanorod films (1 cm 2 ) before and after activation treatment. The samples with and without activation were immersed into 0.1 mM L -1 methylene blue aqueous solution for 24 h. Subsequently, the samples were dipped into deionized water for 2 min, then taken out and dried by nitrogen. Each sample was immersed into the same volume of acetonitrile for 20 min to make desorption of methylene blue molecules. The characteristic absorbance peak at ~655 nm is a good indicator of the amount of desorbed molecules, which indirectly confirms the surface area of hematite nanorods. 1 2p XPS spectra (a) of activated sample before and after 300 s surface etching (~5 nm) using a reversed activation process (initial thrice anodic scanning followed by thrice cathodic scanning), and corresponding J-V curves (b). The obtained photocurrent density, , could be represented as following:
Since there is no injection barrier of holes for H 2 O 2 oxidation ( ) 
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of (λ) (mW cm -2 nm -1 ) along with wavelength λ gives total power density (unit of mW cm -2 ), which is the power of light absorbed by photoanode (maximum power of photoanode).
The following formula shows such relationship photon absorption ( ).
(7) 
